Two-dimensional MoS2 has emerged as promising material for nanoelectronics and spintronics due to its exotic properties. However, high contact resistance at metal contacts. Low SBH with controlled ohmic nature of FM contacts is a primary requirement for MoS2 based spintronics and therefore using directly grown MoS2 channels in the present study can pave a path towards high performance devices for large scale applications.
Introduction
Two-dimensional (2D) materials with their layered structures have attracted much attention as next generation device materials due to their extraordinary properties such as mechanical flexibility, large surface to volume ratio, and their easy integration in heterostructure junction devices [1] [2] [3] . Graphene is well known example among these materials, which shows very rich physics resulting from its linear dispersion relation and massless Dirac Fermion 4 . Owing to remarkable properties such as very high mobility, large electrical and thermal conductivity, high Young's modulus and small spin-orbit coupling (SOC), graphene became a promising candidate for wide range of applications, including high speed electronics, sensors, energy generation and storage devices as well as spintronics [5] [6] [7] . However, semi-metallic nature (gapless band structure) of pristine graphene limits its application in semiconductor electronics as zero band-gap leads a low on/off ratio in graphene-based field effect transistors (FETs) 4, 8 . In addition to this, small SOC in graphene does not allow this material to have better control on generation and electrical manipulation of spins in spintronic devices.
Unlike graphene, molybdenum disulfide (MoS2), which belongs to the family of transition metal dichalcogenides (TMDs) shows semiconducting nature with a sizable bandgap 3 . The type and value of band-gap in MoS2 can be changed by varying the number of layers-MoS2 shows an indirect bandgap (~1.2 eV) in the bulk form (multilayers) and a direct band-gap (~1.8 eV) when reduced to monolayer 3 . In addition to non-zero band-gap, MoS2 also possesses considerable SOC along with unique spin-valley coupling to manipulate the spins, which makes the material very attractive for the next generation spintronic and other technological applications. The interest in mono-layer MoS2 has further increased after the demonstration of a high on/off ratio (~10 8 ) and high carrier mobility at room temperature FETs 9, 10 . However, the large electrical potential drop due to high contact resistance between MoS2 and metal contacts may strongly limit the performance of MoS2-based devices. Previous reports show large Schottky barrier heights (SBHs) for various metal/MoS2 contacts 11 
Experimental details
The MoS2 is grown on the thermally oxidized SiO2/n + -Si substrate with SiO2 thickness of ~285 nm via salt-assisted CVD technique (please see Ref. [21] for the growth procedure). The monolayer crystal grown by this method were found to be almost free from defects/vacancies and any unintentional doping with alkali and/or halogen atoms 21 .
Moreover, the sharp photoluminescence spectrum and the largest mobilities observed for these samples confirm its excellent crystal quality over exfoliated and CVD grown samples 21, 22 . Figure 1 
asymmetric behavior under high range (±1 ) of VDS (main figure). IDS-VDS curves measured for device #A2 are almost linear and symmetric even under high range (±1 ) of VDS (see supplementary Fig. S1 ), which reflects better device quality (we note that this device was unfortunately broken during the temperature dependent measurements). It can also be noted from Fig. 2(a) that IDS increases with increasing Vg-for a fixed applied VDS, at Vg= 20 V, obtained IDS is at least 15 times higher than that of Vg= 0 V. It shows the tunability of FET characteristics with the application of Vg and suggests that the Schottky barrier is modified at the Py/MoS2 interface, which can result in the reduction of the SBH.
As temperature is lowered, IDS-VDS characteristics show strong deviation from linearity and significant reduction in IDS, as can be seen in Fig. 2(b) . This suggests that the device goes in the off state at low temperatures. SBH can be extracted using an activation energy method, the commonly used one.
The advantage of the activation energy method is that we do not need information of electrically active area under the contacts to extract the SBH 24 . The SBH for 2D materials can be extracted by employing the 2D thermionic emission equation 25, 26 ,
where A is the contact surface area, A* is the effective Richardson constant, q is the electronic charge, kB is the Boltzmann constant, is the Schottky barrier height and VDS is source-drain voltage, and n is the ideality factor. From above equation, the activation energy is given by = ( − ). After rearranging few terms, the equation can be written as thermionic emission theory cannot be applied successfully. Figures 3(a)-(c) show Arrhenius plots for various VDS at different Vg. To determine the slope of the plot, the experimental data were fitted by equation (2) as shown in Fig. 3 as solid black lines. It is worth to note that the slope of the Arrhenius plot for Vg= 0 V is negative [ Fig. 3(a) ] and changes its sign from negative to positive with the application of Vg [ Fig. 3(b and c) qF B = -6.8 meV
The slope of the Arrhenius plot as a function of VDS is depicted in figure 4 for different Vg and fitted by linear function. The intercept from the linear fit gives the value of SBH, which is found to be +34.5 meV for Vg = 0 V. The SBH estimated for Vg =10 and 20
V from the intercept in Fig. 4(b and c) 16 and in the latter case, the FET devices were fabricated using the MoS2 channels exfoliated from bulk MoS2 crystals 13 . The values of SBH estimated in previous reports for various FM and non-magnetic (NM) metal contacts on monolayer MoS2 channel are compared in Table 1 .
From the 
Conclusions
In conclusion, we fabricated FET devices using directly grown monolayer MoS2 channels on SiO2/Si substrate via salt-assisted CVD technique. The electrical properties of 
S. Gupta et al., Monolayer MoS 2 field effect transistor with low Schottky barrier height with ferromagnetic metal contacts (2019)
2 Figure S1 shows the room temperature characteristics of the device #A2. Sourcedrain current-voltage (IDS-VDS) characteristics as a function of back gate voltage (Vg) are shown in Figure S1 (a). It can be seen that IDS-VDS are linear and symmetric, suggesting ohmic contacts for this device. Figure S1(b) shows the same IDS-VDS curves plotted on semi-logarithmic scale. The Vg dependence of IDS at VDS = 0.1 V is plotted in Figure S1 (c).
IDS increases with increasing Vg and shows an on/off ratio ~10 5 at VDS = 0.1 V. Figure   S1 (d) shows Vg dependence of two-probe resistance (R). The R shown here has two contributions: two contact resistances and the channel resistance. The R decreases with
Vg and shows a saturation trend at Vg= 60V. It is worth to note that with increasing VDS, the slope changes from negative to positive, which can be clearly seen in Fig. S4(c) . We plotted activation energy as a function of VDS and fitted the data by linear function to extract SBH.
The SBH for device #C1 is estimated to be 30.1 meV at zero-bias, which is in the same range as estimated for other devices. Figure S4(d) shows Vg dependence of SBH. The flatband SBH estimated using linear fit is found to be 21.8 meV. The SBHs estimated for all four devices are almost the same, which shows consistency and reproducibility of our results and indicates that devices fabricated using MoS2 channels directly grown on the substrate via CVD technique can result in low SBH due to less defects and/or contamination as compared to transferred or exfoliated MoS2 as discussed in the main text. 
